INTRODUCTION
Computer-assisted surveillance of complex environments is getting more and more interesting, thanks to recent significant improvements in real-time signal processing. The main role of automatic computation in such systems is to support the human operator to perform many tasks, such as detecting, interpreting and understanding, logging or giving alarms. In this way, possible human failures are expected to be overcome, many functionalities can be added, and better surveillance performances are obtained. In the surveillance research field applied to public areas, crowding monitoring is very useful but presents particularly complex problems. Recognizing human bodies and tracking their movements in complex real scenes by using a sequence of images are among the most difficult tasks in computer vision, as outlined in Kinzel and Dickmanns (1), Cravino et al. (2) and Regazzoni (3) . Main difficulties arise both from the high level of shape variability associated with moving human bodies, and from the complexity of environmental real scenes. In this work, a method for tracking human motion in 3D real scenes by means of Kalman filtering is presented; it is based on the introduction of a suitable mathematical model for human body moving in a 3D scene and interacting with the surrounding environment. With respect to previous works (see Rohr (4) ), the developed refined static and dynamic models allow the system to get accuracy and robustness even in non-controlled real-life working conditions. Thanks to real-time functioning, accuracy and robustness, the method can be used in surveillance systems devoted to assure people safety in public areas.
SYSTEM DESCRIPTION
The proposed approach consists of three steps: 1) Mathematical modelling of the human body: a human figure is seen as an object made up of rigid subparts, which are geometrically represented by bounded cylinders (Fig. 1a) . At the present, the system aims at tracking the 3D positions of the main cylinder (as it locates a person in a scene) at different times (Fig. 1b) . However, measures related to all the other cylindrical parts are also extracted and then used, since each part involves constraints on the spatial locations of the other components. Some physiological constraints are imposed on the possible movements of a person and other bounds limit the body subparts dimensions and reciprocal proportions.
2) Extraction of 2-D image features:
from an input image ( Fig. 2a) , a set of points are extracted, which correspond to the endpoints of the axes of the cylinders. Feature extraction is performed by the following modules: -Change detection ( Fig. 2b ): by using statistical morphological operators, described in Serra (5), it identifies the areas in the input image that exhibit remarkable differences in comparison with the reference empty-scene image.
-Focus of attention ( Fig. 2c) : by means of a fast image-segmentation algorithm presented in Ballard and Brown (6) , it detects the minimum rectangle bounding a human body.
-Measure extractor ( Fig. 2d) : it extracts a set of five points by a simple heuristic algorithm; these points correspond to the head, the neck, the centroid, the left foot and the right foot of the person focused.
3) Tracking of 3-D positions by using Kalman filtering: the selected Quantities of Interest (QIs) are the 3-D coordinates (Xc, Yc, Zc) of the body centroid and the distance (L) of the centroid from the neck (Fig. 1b) . L and the body centroid parameters are selected as the variables to estimate over time and, so, as the status vector elements of the designed Kalman-filter-based system. By applying perspective transformation rules, as extensively presented in Tan et al. (7) , in order to link a 3D Global Reference System and the 2D image plane, and the Extended Kalman Filter theory (used by Regazzoni (3)), 3D localization and tracking of the focused person walking in the monitored scene is performed. The temporal evolution of the QIs is described and ruled by realistic dynamic models. Suitable static models have been developed in order to describe the relationships between the QIs and the features extracted on the image plane (see point 2). The dynamic model of the QIs consists of differential equations that describe the temporal evolutions of the QIs:
(1) The equations describing the relationships between the QIs and the features extracted are :
α is the ratio between the head-neck and the centroid- The Extended Kalman Filter theory [4] is then applied to predict and update the QI values step by step. The motion-estimation module computes the motion parameters t=(U, V, W) step by step by using two main data: t prev =(Uprev, Vprev, Wprev), which represents an interpolation of movements estimated at the previous steps , and t mes =(Umes, Vmes, Wmes), which is a least-squares motion estimate obtained by using both the measures extracted from the current image and the last-estimated position: t=(1-gain)*t prev +gain*t mes (5) 0<=gain<=1
By setting the gain value, it is possible to give more or less importance to the current measures, as compared with the past history of the system.
EXPERIMENTAL RESULTS
Extensive tests on both synthetic and real grey-level image sequences were performed. The test real image sequences show complex scenes where a person is walking by following various known trajectories. In order to test the system efficiency in terms of localization accuracy, tests on synthetic images, where any kind of information about point coordinates is known, are particularly feasible. Test results about accuracy of feature extraction are presented in Table 1 . Table 1 
CONCLUSION AND FUTURE WORK
An automatic system for estimating the positions and the movements of human bodies interacting in real scenes has been presented. With refernce to the approach 3 phases have been outlined: mathematical modelling of a human bidy; extraction of suitable 2D features from sequences of images and matching with corresponding parts of the human-body model; estimation of the motion and structure parameters in the 3D space and in time by using Kalman filtering approach. Main advantages of the system are its precision and robustness in parameter-estimation and its real-time-functioning capability. Future activities are going to be addressed to model and track the positions of the arms of a person walking. Arms tracking is particularly critical for surveillance purposes, as its interpretation can be useful for detecting suspicious kinds of behaviour of people, panic situations or vandalism occurrence.
